Abstract. The periodicity of the fabric pattern is one of the most important characteristics of textiles. It has a very significant impact on the structural analysis and practical application of textiles. In this paper, a method to determine the periodicity of both patterns and textures is proposed. For a given periodic texture image, we first transform it to HSV form from RGB. Then we derive the component of H and put a histogram equalization process on it. After that, we use the energy cues computed from the sum and difference histograms of H image. When the variable parameter in the energy function matches with texture element size or its integer multiples in both horizontal and vertical direction, the energy function reach its local maximum, then we can automatically obtain the texture element size according to this phenomenon. We synthesized a new image with the obtained texture element and compare it with the original image to evaluate the performance of our method, the experimental results show good performance of our method.
Introduction
The fabrics can be classified as regular and irregular fabrics according to the arrangement of patterns and texture. The regular fabric can be seen as the regular arrangement of the texture element along the horizontal and vertical direction. Studying the periodicity of fabrics is essential for the recognition and discrimination process.
The periodicity of fabric texture can be obtained by the approach of the co-occurrence matrix according to its statistic characteristics [1] , but the calculation time and the accuracy of calculation results can not be guaranteed at the same time [2] . Fourier transformation proposed by Matsuyama is another classical method in detecting the periodicity of images [3] . The Fourier spectrum of image shows regularity as long as the texture is regular, and the periodic information can be obtained through the peaks of the Fourier spectrum. But the peaks will be difficult to find if an image is consisted of several different texture element, which leads to the disappoint result [4, 5] . Gyuhwan Oh introduced a way of extracting the texture element based on the distance matching function [6] . It is effective and time saving, but shows weakness in the ability of resisting noise [7] . Hsin-Chil Lin proposed to extract the periodicity of a regular texture based on auto correlation function by finding the location of peaks in functions [8] .
All the methods above are based on gray images, but the transformation process from Red-Green-Blue(RGB) image to gray image may cause the information reduction and influence the final result. Hue-Saturation-Value(HSV) color space reflects the people's visual feeling of color and it is a uniform color space. The lightness component V is irrelevant to the color information while hue components H and the saturation component S contains the color information. It is difficult to distinguish pixels when they are of close gray values [9] , so we propose to deal with images in HSV form and put the calculation process on H component.
We report in this paper a approach to extract periodicity of a regular texture based on energy function from the Sum and Difference Histograms(SDH) [10] of HSV image. SDH describes the probability distribution of sum and difference between adjacent pixels at certain distance. It reflects the complex information of image on direction, distance and the degree of variability when the distribution of patterns or textures show some regularities. It is the basement to analysis the arrangement of texture elements and a series of features can be extracted from the SDH [11] . We take energy values in this work as a measurement to study the periodicity, and the method is conducted on HSV image instead of traditional gray image. This method can detect the periodicity of both patterns and texture of a fabric and shows better result on some images than gray image. Furthermore, a synthesized image can be constructed by arranging the texture element along the vertical and historical direction.
The rest of the paper is organized as follows: section 2 introduces energy function of SDH based on HSV image. Section 3 describes the mentioned method to obtain periodicity and texture element. Experiments and results on HSV image of real textile fabrics are presented in section 3. Conclusions and summary are given in the last section.
SDH of HSV image
For a color fabric image, we first transform it to an HSV image and then extract the hue component. Considering an hue component image H of M×N pixels size, and of K degree(K = 0°,1°,......,360°), we define one pixel located at (m,n) with degree as hm,n and another pixel in the position (m+dm,n+dn) with degree hm+dm,n+dn, thus the relative displacement vector is (dm,dn), (dm,dn) ∈ D and D is the image domain to be analyzed. The sum and difference of pixels with this vector are defined as:
Relative sum histogram h s and difference histogram h d are defined as:
Normalized the sum and difference histogram：
Seven features of SDH are listed in Tab.1. 
log log
In this paper, the parameter used is energy which is a function in relation to (dm,dn). Energy reflects the amount of information in the image, if the image is equal probability distribution, it has the maximum energy value. We change the size of (dm,dn), and when (dm,dn) matches with the Texture element size or integer multiple of it, energy function reaches local maximum. We can then detect the periodicity according to this phenomenon and obtain the texture element.
Detecting the periodicity and texture element size
Periodicity appears in both vertical and horizontal direction, we take dm = 0 and change dn from 1 to N/2 to obtain the vertical periodicity. When energy function reaches local maximum, we can get the vertical periodicity Tm. In the same way, we can find horizontal periodicity Tn when dn takes 0 and dm varies from 1 to M/2. The upper values of M/2 and N/2 are set to make sure there exist at least two texture elements in the image.
Take an real fabric image as an example to explain this approach. Size of image is 347 × 508, and the energy function of vertical and horizontal direction are shown respectively in Fig. 1 . We can find local maximum energy values at 39, 79, 118 and 157 for horizontal direction and 44, 88, 131 and 175 for vertical direction. So we can determine the texture element size of 39 × 44. Fig. 1 also shows the detected texture element in the original image and the synthetic image based on texture element. 
Experiments and Results
The efficiency of the proposed approach is demonstrated with examples in this section. We first prove the good performance of our method on dealing with color images. Then we put this approach to near-periodic image and texture image, it turns out to work on both kinds of images.
Periodicity extracting of color images
For some texture images, the transformation process from color to gray may cause the decrease of color information and lead to the disappoint result. In order to evaluate the performance of our method, we put a natural fabric image under conduct. We can see from Fig. 2 that checks in red circle and yellow circle are actually two different domains consist of two different colors, but they become similar to each other when transformed to gray image (Fig. 3) . Fig. 2 gives results based on H image, size of the detected texture element is 100 × 106. We arrange the texture element of 100 × 106 along the horizontal and vertical direction and compare the synthesis image with original image to measure the performance of our approach. The original fabric image we use is not strict regular, but we can still obtain the approximate size of Tm and Tn and the synthetic image is basically the same as original image. 
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Periodicity extracting of texture images
The above experiments use images with patterns, we use texture images in this section to test the performance of our approach on texture image. As Fig. 4 shows, size of the tested texture image is 82 × 35, texture synthesis also conducted to measure the efficiency. Even a texture periodicity can be extracted by our method as long as it has regularity. 95 × 112 (6) 45 × 36 (7) 498 × 248 (8) 30 × 31 (9) 59 × 63 (10) 53 × 55
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Summary
In this paper, we proposed a new method to evaluate the periodicity of fabric images and estimate the texture elements. We use H component extracted from HSV image instead of traditional gray image and calculate the Sum and Difference Histogram of H component. Energy is one of the characteristics obtained from Sum and Difference Histogram and in relation to horizontal and vertical parameters, change the size of dm and dn, when dm and dn matches with the texture element size or integer multiple of it, energy function reaches local maximum. We then detect the periodicity according to this phenomenon and obtain the texture element. Our approach shows better performance on dealing with some color images and it works for detecting the periodicity of both patterns and texture.
